Flux-qubit and the law of angular momentum conservation. 
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The confidence of many authors in the possibihty to use superconducting loop interrupted by 
Josephson junctions as a basis for quantum bit, flux qubit, presumes the assumption on superposi- 
tion of two macroscopically distinct quantum states with macroscopically different angular momen- 
tum. The contradiction of this assumption with macroscopic realism and the conservation law must 
call the numerous publications about flux qubit in question. These publications uncover misunder- 
standing by many modern physicists of the essence of the superposition principle. The Einstein 
- Podolsky - Rosen (EPR) correlation or entanglement, introduced in 1935 by opponents of the 
Copenhagen interpretation in order to reveal the contradiction of this principle with realism, has 
provided a basis of the idea of quantum computation. The problem of the EPR correlation has 
emerged thanks to philosophical controversy between the creators of the quantum theory about 
the subject of its description. Therefore it is impossible to solve correctly the problem of quantum 
computer creation without the insight into the essence of this philosophical controversy. The to- 
tal neglect of the philosophical problems of quantum foundation results to concrete mistakes, the 
example of which are the publications about flux qubit. In order to prevent such mistakes in the 
future the philosophical questions about the essence of superposition and entanglement and about 
the subject of quantum description are considered. 



Introduction 

Most physicists believe in quantum mechanics because 
of the progress in physics and engineering of the twenty 
century connected with it. But John Bell in his famous 
Introductory remarks at Naples- Anialfi meeting, May 7, 
1984 "Speakable and unspeakable in quantum mechan- 
ics" [l| noted wittily that " This progress is made in spite 
of the fundamental obscurity in quantum mechanics. Our 
theorists .stride through that obscurity unimpeded. . . sleep- 
walking? The progress so made is immensely impressive. 
If it is made by sleepwalkers, is it wise to .shout 'wake 
up'? I am not sure that it is. So I speak now in a very 
low voice. " Indeed, it may seem useless to pay attention 
to the fundamental obscurity in quantum mechanics be- 
cause of the past breakthroughs. However, some modern 
publications force to speak loudly. 

The base of the new line of investigation of the last 
ten years, quantum information, quantum computation, 
quantum cryptography, and quantum teleportation |2] 
is inseparably linked with philosophical controversy [3] 
between the creators of the quantum theory about the 
fundamental obscurity in quantum mechanics. But this 
connection of the quantum computation problem, for ex- 
ample, with the unsolved problems of quantum founda- 
tion is neglected [J| in the most publications because 
of the dislike for philosophy of most modern physicists. 
This neglect has resulted to some delusion concerning 
the possibility to create quantum register [5| and quan- 
tum bit. For example, the authors of numerous publica- 
tions about flux qubit pass over the obvious contradiction 
of their assumption on superposition of two macroscop- 
ically distinct quantum states of superconducting loop 
with macroscopic realism and even with the fundamen- 
tal law of angular momentum conservation. This funny 
mistake will be considered in details in the first section of 



this paper. The intricate interrelation between quantum 
mechanics and the conservation laws will be considered 
in the second section. The numerous publications about 
flux qubit, unmasked as funny mistake in the flrst sec- 
tion, reveal superficial understanding by many modern 
physicists of the paradoxical nature of the superposition 
principle. The contradiction of this principle with real- 
ism and the fundamental difference of quantum mechan- 
ics from all other theories of physics are accentuated in 
the third section. 



1. FLUX QUBIT. 

The quantum computation is one of the most intrigu- 
ing ideas of the last years and a practical realisation of a 
real quantum computer is one of the most grandiose prob- 
lems. Superconductivity, one of the macroscopic quan- 
tum phenomena, is attractive for a realisation of the idea 
of quantum computer because of a few chance that tech- 
nology will be able to work on the atomic level in the 
near future. Authors of numerous publications propose 
to made quantum bits, basic building blocks for quantum 
computation, on the base of superconductor structures. 
Quantum bit is a quantum system with two permitted 
states, superposition of which is possible. The superposi- 
tion is the essence of the fundamental difference of quan- 
tum bit from classical one, which provides the advantage 
of a quantum computer over a classical one. Therefore 
a possibility of state superposition is the determinant of 
the possibility to make quantum computer on the base of 
superconductor structures. Many authors J6l-[29| are sure 
that superconducting loop interrupted by one or three 
Josephson junctions can be used as quantum bit, qubit. 
The two permitted states superposition of which is as- 
sumed have different value of magnetic flux. Apparently 



therefore such loop is called flux qubit. 



1.1. Permitted states of superconducting loop. 

The magnetic flux differs on the value A$/p = Lip be- 
cause of the persistent current Ip circulating clockwise in 
the one permitted state and anti-clockwise in the other 
one [9[. Therefore the flux qubit was called also "persis- 
tent current qubit" jSOlI . The persistent current must flow 
along a loop interrupted by three Josephson junctions 
since a stable state with zero current /p = is forbidden 
when magnetic flux $ inside the loop is not divisible $ 7^ 
n<i>o by the flux quantum $0 = T^fi/e « 2.07 x 10~^^ Tm^. 
The persistent current Ip ^ is observed because of the 
demand of the current conservation (1) and a relation 
(2) for the phase <j> of the wave function 'J = |^| expicf) 
describing the superconducting state in the loop. For ex- 
ample, in case of a loop interrupted by three Josephson 
junctions with critical currents Id ~ Ic2 ~ Ic3 



Ip = Id sin(A(/)i) = Ic2 sin(A(/)2) = Ic3 sin(A03 
and 



A(/)i + A02 + A(/)3 + 27r$/$o = 2?™ 



(1) 



(2) 



The relation for the persistent current (1) results from the 
current-phase relationship Ip — Ic sin(A(/)) between the 
super-current Ip through the Josephson junction and the 
phase difference A<j> between the junction boundaries [31] 
discovered in 1962 by Brian Josephson. The relation (2) 
is deduced from the requirement that the complex pair 
wave function closed in the loop must be single- valued at 
any point ^ = |^|expi(/) — l^f"! expz(0 -|- 2?™). Because 
of this requirement the phase must change by integral 
multiples of 2tt 
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n27r 



(3) 



following a complete turn along the path of integra- 
tion I. The integral in (3) along the loop Z, excepting 
Josephson junctions A^i -I- A(/)2 -I- A(/)3, should equal 
w 2e$/fi, = 27r$/$o because of the relation v/* = p/^ = 
[mv + 2eA)/h and the approximation u w 0, suitable for 
flux qubit, where v = Ip/s2ens is the velocity of super- 
conducting pairs between the Josephson junctions. 



equals approximately the externally applied magnetic 
flux $ w $e = BS [9]. The magnetic dependencies 
of the energy £'(^$e) = -B($e - {n' + 0.5)$o) oc I^ of 
the states n = n' and n — n' + 1 with the persistent 
current Ip^n' — /cSin(— 7r/3 -I- 27r(5<l'e/3$o) and /p^„/+i — 
/cSin(7r/3 + 27r^$e/3$o) should cross at $ = (n' + 0.5)$o 
Q. It is assumed that the energy levels can be split be- 
cause of superposition of these states 9, 32]. The exper- 
imental results [23, I34I demonstrating the energy-level 
splitting are interpreted [9[ as one of experimental evi- 



dences of the 



-|- 1 states superposition. 



There are also other observations, for example the Rabi 
oscillations and Ramsey interference [23, |33| - [35| . which 
are interpreted as experimental evidence of this superpo- 
sition. 

Most authors are sure !9] that these numerous exper- 
imental evidences can not permit of a shadow of doubt 
about the superposition observation of the macroscopi- 
cally distinct quantum states of flux qubit. Nevertheless 
such interpretation of the experimental results [23, l32| - 
l35j is extremely doubtful because of some reasons. The 
most obvious one is connected with macroscopic differ- 
ence of the magnetic moment Mm = Sip and the an- 
gular momentum Mp = {2me/e)Mm of Cooper pairs 
of the n ^ n' and n — n' + 1 states. At the values 
of the persistent current Ip w 5 10^^ A and the area 
S w 10~^^ m^ of a typical superconducting loop consid- 
ered as flux qubits |27| the magnetic moment equals ap- 
proximately Mjn,n' ~ —0.5 10^ /xb in the n = n' state and 
Mm,n'+i ~ 0.5 10^ /Ub in the n = n' + 1 state. Accord- 
ingly the angular momentum equals Mp^n' ~ —0.5 10^ h 
and Mp^n'+i w 0.5 10^ h. Where fj,B is the Bohr mag- 
neton and h is the reduced Planck constant. The spec- 
trum of the macroscopic angular momentum and other 
macroscopic parameters can be discrete [36| because of 
the same quantum number n, see (3), of all Ng Copper 
pairs in the loop. The number of pairs N^ = Vug is very 
great ^32.] in the macroscopic volume V ^i Is oi the loop, 
at its typical length I = 5 fj,m 27| and the section area 
s w 0.01 iirri^. Both the magnetic moment M^ = Sip 
and the angular momentum Mp = (2me/e)SIp have op- 
posite directions in the n ~ n' and n = ri' + 1 states, 
Fig.l, because of the persistent current circulating in the 
loop, clockwise in the n = n' state (for example) and 
anticlockwise in the n = n' + 1 state (3- 

The authors of the publications about flux qubit [23, 
[28| represent superposition of the states n ~ n',n = n'+l 
with the relation |9f 



1.2. Superposition is assumed between states with 
macroscopically different angular momentum 

Superposition is assumed between two states n — 
n' and n = n' + 1 having equal minimal energy at 
$ = (n' + 0.5)$o when A0i + A02 + A(/)3 = 3A0 = 
27r(n - $/<i>o) = 27r(n - n' - 0.5) = T^r 9]- Considered 
the limit Pl = 2L/c/$o < 1, i-e. A$7p = Lip < Lie < 
$0/2, in which the total magnetic flux cf) = $e + A$7p 



|vl/ >= a| t> +/?U> 



(4) 



by analogy with states superposition of z-projection 
of spin 1/2. But the angular momentum difference 



M„ 



M 



j-p,n'+i — J^p.ra' ~ 10^ h between the flux qubit states 
n — n' , i.e. | t> and n = n' + 1, i.e. | \.> is macro- 
scopic but no microscopic h as in the case of the spin 1/2. 
The universally recognised quantum mechanics precludes 
up to now a possibility of superposition of states with 
macroscopically different angular momentum because of 



the contradiction of such assumption with the fundamen- 
tal law of angular momentum conservation. According 
to the corroboration principle, introduced by Bohr as far 
back as 1920 ^38*, and the modern quantum formalism 
[39| classical physics and quantum physics should give 
the same prediction of measurements results for central- 
symmetrical system with a macroscopic angular momen- 
tum w 10'°^ h. Furthermore, the quantum formalism |39[ 
assumes superposition of states with different projection 
of angular momentum only for central-symmetrical sys- 
tems, such as atom or electron. The loop, in contrast 
to atom or electron, is no central-symmetrical system. 
The persistent current circulating in the plane loop S 
induces Mm = S x Ip and Mp = (2me/e)Mm in the sin- 
gle direction, perpendicular to the loop plane S, Fig.l. 
Therefore the magnetic moment and angular momen- 
tum should be considered as one-dimensional in this case. 
Consequently, the authors of the numerous publications 
about flux qubit assume superposition of states of the 
no-central-symmetrical system with macroscopically dif- 
ferent value of angular momentum. This assumption, 
contradicting not only to the conservation law but also 
to the universally recognised principles of quantum me- 
chanics, can only be described as funny mistake. 
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1.3. The observations of angular momentum 
change can not be interpreted as causeless. 

Numerous measurements [23, [32, Eo, Sll of the addi- 
tional magnetic flux A$/p = Lip induced by the persis- 
tent current Ip have shown that the probability of the flux 
qubit states changes between and 1 in a narrow interval 
of magnetic field ABe = A^e/S near $ = (n' + 0.5)$o, 
down to ABe ~ 0.003 A$o/5 w 2 lO""^ T, Fig.l, ob- 
served at T = 0.025 K 41]- These measurements 
means that the angular momentum of superconducting 
pairs changes on a macroscopic value Mp^n'+i — Mp^n' — 
(2me/e)S{Ip^n'+i — Ip,n') ~ 10^ h at very small alter- 
ation of the magnetic field AB^ ~ 2 10^^ T. The inter- 
pretation of the ener gy-l evel splitting, Rabi oscillations, 
Ramsey interference |27l. 132^35] and other experimental 
results as experimental evidence of superposition of the 
n = n' and n = n' + 1 states presumes that this change 
can be causeless, i.e. can be observed because of macro- 
scopic quantum tunneling [42l . |43| without any interac- 
tion with environment. This presupposition ^27l .32. - i35l | 
contradicts manifestly to the fundamental law of angular 
momentum conservation. 

According to the basic principles of quantum mechan- 
ics such violation of the conservation law is not possible 
even on the microscopic level, for spin 1/2 projection. 
The superposition (4) must collapse to 



I* >= I t> or I* >= I i> 



(5) 



after first measurement of the z-projection and all other 
measurements of the same projection must give the same 



FIG. 1: A) Scanning electron microscope image of the struc- 
ture used in the work [4l| for single-shot readout of flux qubit 
states is shown. The inside loop interrupted by three Joseph- 
son junctions is considered as flux qubit. The outside loop 
interrupted by two Josephson junctions is dc-SQUID used for 
measurement of the additional magnetic flux A<l>/p — Lip 
induced by the persistent current Ip of the flux qubit. Ar- 
rows indicate the directions of the persistent current in the 
flux qubit. B) The Lip value measured by single-shot read- 
out and taking an average at each flux $e value in function 
of external magnetic fleld Be = ^e/S. C) The change of 
the persistent current direction observed by means of the 
Lip sign change means the change of the angular momentum 
Mp — {2me/e)IpS direction. 



result with probability equal to unity when any interac- 
tion with environment is absent. The superposition (4) 
is reinstated for the central-symmetrical system such as 
a particle with spin 1/2 at measurement of an other pro- 
jection, different from the z-one. Such reinstatement of 
superposition is not possible for one-dimensional system, 
having single projection of angular momentum. There is 
important to remember that the superposition of states 
(4) with different values of angular momentum projec- 
tion describes the uncertainty relation for measurement 
of perpendicular projections, along x, y and z, of spin or 
orbital momentum of a central-symmetrical system, such 
as electron or atom [33 • It is obvious that this uncer- 
tainty relation can not be applied to one-dimensional sys- 
tem such as flux qubit. Therefore superposition of states 
with one-dimensional angular momentum can not assume 



even on the microscopic level, at M. 



p,n' + l 



■M„ 



h. It 



is additional forcible argument that no experimental re- 
sult obtained at measurements of flux qubit can be inter- 
preted as experimental evidence of states superposition. 
But some authors are sure not only in possibility of 
superposition of macroscopically distinct quantum states 
[3] and macroscopic quantum tunneling [42, 14311 bu t even 
in a possibility to observe the superposition pl| . The 
state with Ip — is forbidden and the two permit- 
ted states n — n' , n — n' + I with minimum en- 
ergy En' = En'+i have equal values but opposite di- 



rections of the persistent current /„ 



Ic sin(7r/3) and 



Ip,n'+i — — /cSin(7r/3) at $ = (n'-f 0.5)$o because of the 
demands of the current conservation (1) and quantization 
(2). Therefore a single-shot measurement of the persis- 
tent current must give values /p,„' = Ic sin(7r/3) 7^ or 
Ip,n'+i = — /cSin(7r/3) ^ whereas this value taking an 



Pn' 



^ n'-^p.n' 



average must be equal zero Ip ~ J^n'+i-ip.n'- 
since the probability P„' « e^^"-' /{e^^"' + e^^"'+i-) 
equals 0.5 at $ = {n' + 0.5)$o, when En' = En'+i- 
The probability P„' changes with magnetic field AJSg = 
A^e/S because of the energy En', En'+i change iQl]. 
The single-shot measurement should give the two par- 
allel lines of the dependencies LIp^n'{5^e), LIp,n'+i{3^e) 
in a narrow interval d^e = ^e — {n' + 0.5)$o *S ^0 where 
both Pn' and Pn'+i have a noticeable value. Such par- 
allel lines, corresponding to quantum mechanics predic- 
tion, are observed in [40|, Fig. 4, and [41[ Fig. 4b. But 
the authors [41| interpret such dependencies as the clas- 
sical behaviour of a two-level system. They observed in 
different samples a x-shaped crossing of the dependen- 
cies LIp,rA5^e), LIp,n'+i{5^e) in different samples. The 
authors [41] interpret such behaviour as observation of 
the coherent superposition of macroscopic supercurrent 
states. Obviously, such interpretation have nothing in 
common with the universally recognised quantum me- 
chanics. Each physicists must understand that it is im- 
possible to observe a superposition even of microscopic 
states. In spite of the misunderstanding of quantum me- 
chanics by the authors [41j their experimental results are 
very interesting. The decrease of the interval (5$e of the 
average value Ip change with temperature decrease, see 
Fig. 5 in 41], corroborates that the transition between 
the n = n' and n = n' -\- 1 states takes place because of 
an interaction with environment. 



1.4. A compensation of the angular momentum 
change can not be assumed. 

Some authors understand that the conservation law 
must prohibit quantum tunnelling between states with 
different magnetic moment and angular momentum. The 
author of i44j proposes to assume a firm coupling with a 
large solid matrix (Ism) that absorbs the change in the 
angular momentum. Neither angular momentum conser- 
vation problem nor such firm coupling are consider in 
the numerous publications on superposition of flux qubit 
states [2^, |30, |43 and macroscopic tunneling [43, l43| . 



Nevertheless my conversations with some authors of these 
publications have shown their hope that the change of the 
angular momentum of superconducting condensate (sc) 
observed at the transition between n — n' and n — n' + 1 
states can be compensated with a change of an angular 
momentum of a large solid matrix, i.e. the loop, substrate 
and so forth. This hope presumes the entanglement 

'i'quMt = a\ t>sc I i>ls,n +/3| i> sc \ t>lsm (6) 

of the states of superconducting condensate | t>sc, | i>sc 
and a large solid matrix | i>ism, \t>ism of uncer- 
tainly large mass. Thus, following to [4J| the authors of 
|29l l30l 143 . I43I |45| and others publications on flux qubit 
must assume that not only superconducting condensate 
but also an uncertain system with macroscopic mass can 
be in superposition of states. It is doubtful that the fan- 
tasy about superposition (6) of the loop, substrate and 
so forth states | i>ism, \ 't>ism could be taken seriously 
even by the authors of publications about flux qubit. 

Therefore the superconducting loop interrupted by 
Josephson junctions can not be considered as flux qubit. 
The energy-level splitting, Rabi oscillations, Ramsey in- 
terference and other experimental results (271 |32h35J 
must be explained without using of the superposition 
principle. We must explain the transition between the 
states n — n' and n = n' + 1 of superconducting loop 
observed at measurement of the A<I>/p = Lip values 
j22, ,32,140, EH as a consequence of an interaction with en- 
vironment or an external influence, in order that we can 
avoid the contradiction with the conservation law and the 
universally recognised principles of quantum mechanics. 



2. INTRICATE INTERRELATION BETWEEN 

QUANTUM MECHANICS AND THE 

CONSERVATION LAWS 

In view of the contradiction the flux qubit assump- 
tion with the law of angular momentum conservation it 
is urgent to consider the interrelation between quantum 
mechanics and the conservation laws which is enough in- 
tricate. It can not be precluded that the authors of the 
numerous publications about flux qubit may claim that 
the difficulty with conservation law is peculiar no only 
flux qubit assumption but it is just one of several para- 
doxes associated with the concept of "measurement" in 
quantum mechanics. The creators of the quantum me- 
chanics tried to avoid any contradiction with the conser- 
vation laws and some aspects of quantum formalism are 
closely associated with these laws !39]. Therefore many 
modern physicists believe that there is no problem with 
conservation laws in quantum mechanics. In contrast to 
this belief N. Bohr emphasized the contradiction between 
a realistic description of some quantum phenomena and 
the conservation laws: "Any attempt of an exact space- 
time description of quantum phenomena implies the re- 
fusal of strict application of the conservation law. And 
vise versa, a strict application of the conservation laws 



in quantum phenomena implies an essential restriction 
of exactness oj the space-time description" [461] . 

In order to remove the obvious problems with conser- 
vation laws inside the quantum-mechanical formalism its 
creators, Bohr, Heisenberg and others have swept these 
problems out this formalism, in the concept of measure- 
ment, which is most vague in quantum mechanics. The 
obvious vagueness of this concept was accentuated for 
example by John Bell: "The concept of 'measurement' 
becomes so fuzzy on reflection that it is quite surprising 
to have it appea ring in physical theory at the most fun- 
damental level" 47[. He has entitled one of his last pa- 
pers " Against Measurement" [48| : "Here are some words 
which . . . have no place in a formulation with any pre- 
tension to physical precision: system, apparatus, environ- 
ment, microscopic, macroscopic, reversible, irreversible, 
observable, information, measurement. On this list of 
bad words the worst of all is "measurement"". 

The concept of 'measurement' is reduced virtually to 
the words about the collapse of superposition (wave func- 
tion) or a "quantum jump" from the 'possible' to the 'ac- 
tual' which must take place during the act of observation 
[49| . The collapse of superposition postulated by von 
Neumann in 1932 [50| is formally outside of quantum- 
mechanical formalism. But without this postulate the 
superposition principle can not be applied for the descrip- 
tion of quantum phenomena. We can not observe dif- 
ferent results of single observation simultaneously. Ein- 
stein, Podolsky Rosen have prove unambiguously in their 
famous paper ^51] that a description of physical reality 
with help of superposition and its collapse at observation 
can be considered complete only if non-local interaction 
is possible in this reality. The contradiction of the su- 
perposition principle with realism will be considered in 
the next section. This section is devoted to the problem 
with the conservation law in quantum phenomena. It 
will be shown that the universally recognised quantum 
mechanics admits some causeless change of parameters 
at observation in spite of the conservation law, but re- 
stricts the possibility of such change within the limits of 
the uncertainty relation and the Planck's constant h. 



2.1. The challenge to the conservation law in the 
Stern-Gerlach effect. 

The Stern-Gerlach effect was the utmost importance 
in the history of quantum mechanics and the contro- 
versy about its foundation. The paradoxical nature of 
this effect was realised 5^] just after its discovery in 1922. 
Bohr wrote about that time [531 ] : "In the following years, 
during which the atomic problems attracted the attention 
of rapidly increasing circles of physicists, the apparent 
contradictions inherent in quantum theory were felt ever 
more acutely. Illustrative of this situation is the discus- 
sion raised by the discovery of the Stern-Gerlach effect in 
1922. On the one hand, this effect gave striking support 
to the idea of stationary states and in particular to the 




analyser 1 



analyser 2 



FIG. 2: a) Two consecutive measurements of a spin projec- 
tion must give the identical results when the axes of the first 
(analyser 1) and second (analyser 2) Stern-Gerlach analysers 
are exactly parallel and any interaction with environment is 
absent, b) The results of these measurements can be contrary 
if a photon has compensated the angular momentum change 
observed in this case, c) According to the orthodox quan- 
tum mechanics the contrary results can be observed without 
any compensation of the angular momentum change when the 
axes of the analysers are no exactly parallel. 



quantum theory of the Zeeman effect developed by Som- 
merfeld; on the other hand, as exposed so clearly by Ein- 
stein and Ehrenfest f52J . it presented with unsurmount- 
able difficulties any attempt at forming a picture of the 
behaviour of atoms in a magnetic field". Indeed, it seems 
impossible to describe realistically the experimental re- 
sults, obtained first by Stern and Gerlach 541], according 
to which magnetic moment has an identical value of pro- 
jection on any direction. Therefore the Stern-Gerlach 
effect is considered as the main example in the publica- 
tions [3, [so, ISSl - ISSj devoted to the controversy about a 
possibility of a realistic description of quantum phenom- 
ena. The Stern-Gerlach effect challenges the law of an- 
gular momentum conservation, as well as the fiux qubit 
assumption. Therefore it is useful to consider just this 
effect in this paper. 

The Stern-Gerlach experiment has revealed that all 
particles with spin 1/2 deviate from their initial tra- 
jectory because of a gradient of magnetic field only on 
two angles corresponding to the two values /is and —^b 
of magnetic moment projection. The axis of the Stern- 
Gerlach analyser, along which the magnetic field gradient 
is directed, can have any orientation. Consequently, mea- 
surements of angular momentum projection of particles 
with spin 1/2 in any directions give only two values /i/2 
and —h/2. The orthodox quantum mechanics describes 
the paradoxical results of the Stern-Gerlach experiment 
with help of the superposition (4) of the two possible 
results of measurements and its collapse to one of the 
eigenstates (5) at observation. According to the quan- 
tum formalism I39| the eigenstate of the z-projection, for 



example, 



is superposition 



* 



spin— 1/2 



= lt>. 






1/2 = cos{9)\ t>0 +sin{9)\ i>e 



(7) 



(8) 



for a 9 projection along the direction turned from z-one 
on a angle 9. Therefore after the collapse of the super- 
position (4) to the eigenstate (7) at z- projection mea- 
surement with help of the first Stern-Gerlach analyser 
all posterior measurement of z-projection must give the 
same result with the probability 1^ = 1, Fig. 2a. If the 
opposite result will be observed we should conclude that 
an interaction with environment takes place, Fig. 2b. For 
example a photon has compensated for the angular mo- 
mentum change which we observed, so that total angular 
momentum has been conserved. But result of measure- 
ment can change without photon if we will turn the axis 
of the second Stern-Gerlach analyser, i.e. the direction 
of its magnetic field gradient, on a angle 9. The eigen- 
state of the z-projection (7) is superposition (8) for the 
9 projection along the new direction of the analyser axis. 
Therefore after the result spin up [ t> at measurement 
on the first Stern-Gerlach analyser we can obtained with 
the probability sin'^{9) the result spin down | X> a-t mea- 
surement on the second Stern-Gerlach analyser. Fig. 2c. 

Thus, the orthodox quantum mechanics predicts the 
observation of the causless change of the angular mo- 
mentum projection without photon and any other inter- 
action with environment in defiance of the conservation 
law. There is important to note that the contradiction 
with the fundamental law is predicted for the results of 
observations. The relative number ex sin? {9) of particles 
for which this contradiction should be observed decreases 
with the turn angle sin? [9) w 9^. But the violation of 
the conservation law is the violation even if it is observed 
for only particle which could be at almost parallel orien- 
tation 9 Ki oi the axes of the first and second analysers. 
Fig. 2c. The adherents of the Copenhagen interpretation 
may state that this contradiction with the conservation 
law can avoid with help of the quantum postulate pro- 
posed by Bohr in 1928 [59] according to which any obser- 
vation of atomic phenomena should include an interac- 
tion they with equipment used for the observation which 
can not be neglected. But it is mere words in which the 
adherents can believe. No one of they did not explain 
how the Stern-Gerlach analyser, for example, can adsorb 
the angular momentum change which should be observed 
in the experiment shown on the Figure 2c. 



2.2. Spin 1/2 and flux qubit. 

The challenge to the conservation law observed in the 
Stern-Gerlach effect can not apply to the case of flux 
qubit. Both this challenge and using of superposition 
principle for the description of the Stern-Gerlach effect 



are closely associated with the paradoxicality of the ob- 
servations of the same value of the angular momentum 
projection measured in any direction. This paradoxical- 
ity can not be observed logically in the case of flux qubit 
because of its one-dimensionality. Therefore only un- 
founded assumption on superposition but no observation 
can challenge to the law of angular momentum conserva- 
tion in this case. It is enough to decline this assumption 
in order to remove this challenge to the fundamental law. 
We must do this in the case of flux qubit in order to do 
not contradict to the universally recognised principles of 
quantum mechanics. According to these principles any 
challenge to the conservation laws at observation must be 
in the limit of the uncertainty relations and the causless 
change of the angular momentum can not exceed consid- 
erably the h value. Just the uncertainty relations allow to 
do not contradict to the conservation law at consideration 
of some quantum phenomena, according to Bohr: "Any 
strong application of the laws of momentum and energy 
conservation to atomic processes presupposes the refusal 
of quite certain localisation of particle in space and time. 
This circumstance is represented quantitatively with the 
Heisenberg's uncertainty relation" [60||. 



3. WHY COULD SUPERPOSITION OF FLUX 
QUBIT STATES BE ASSUMED? 

The clockwise and anticlockwise direction of the per- 
sistent current in the n = n' and n = n' -\- I states is 
assumed Q and observed [40, |41[ . Therefore numerous 
authors of publications about flux qubit must realise that 
these states of superconducting loop have macroscopi- 
cally different angular momentum. Then why could they 
believe in the superposition of these states in spite of the 
obvious contradiction with the fundamental law of an- 
gular momentum conservation? My conversations with 
some authors of publications about flux qubit allow to 
suppose that this funny mistake could become possible 
because of their disregard of philosophical problems of 
quantum mechanics foundation. 

According to L.D. Landau [331 ^^^ other adherents 
of the Copenhagen interpretation the superposition of 
states is the cardinal positive principle of quantum me- 
chanics. Most physicists have already got accustomed 
to this principle in the course of eighty years history of 
quantum mechanics and they are well-informed about su- 
perconductivity as one of the macroscopic quantum phe- 
nomena. It may be therefore the possibility of superpo- 
sition of states of some superconductor nanostructures 
seems self-evident for many physicists who do not realise 
enough profoundly the essence of the Bell's statement on 
the fundamental obscurity in quantum mechanics. The 
funny mistake with flux qubit and some other mistakes 
connected with the idea of quantum computations force 
to speak loudly about this fundamental obscurity. In or- 
der to understand the essence of this obscurity it is useful 
to consider the controversy about the subject of the quan- 



turn mechanics description. This controversy was begun 
by the creators of quantum theory and is still in progress 
up to now. 



3.1. What can the superposition principle 
describe? 



The quantum mechanics, the cardinal positive princi- 
ple of which is the superposition of states, was created on 
the base of the proposal of Werner Heisenberg made in 
1925 '6¥\ to consider only observable parameters and to 
do not consider hidden variables. In fact, Heisenberg has 
proposed that quantum theory should describe only phe- 
nomena, which we can observed, but no reality, which can 
exist irrespective of any act of observation. Such theory 
can be considered as complete description only accord- 
ing to the positivism point of view that it makes no sense 
to say about a reality without an observer. Heisenberg 
defended just this positivism point of view. He wrote 
in 1958 [49|: "In classical physics science started from 
the belief - or should one say from the illusion? - that 
we could describe the world or at least parts of the world 
without any reference to ourselves". 

Einstein forewarned as far back as 1928 that the pos- 
itivism of Heisenberg and Bohr may result to the sleep- 
walking, about which Bell said in 56 years later. He 
wrote to Schrodingcr [62]: "The soothing philosophy-or 
religion?-of Heisenberg-Bohr is so cleverly concocted that 
it offers the believers a soft resting pillow from which 
they are not easily chased away". Einstein, as well as 
Bell, fully recognised the very important progress which 
the statistical guantum theory has brought to theoretical 
physics [6J|. But he was "firmly convinced that the es- 
sentially statistical character of contemporary quantum 
theory is solely to be ascribed to the fact that this [theory] 
operates with an incomplete description of physical sys- 
tems" [63|. He adduced in 1949 [63] reasons which keep 
he from falling in line with the opinion of almost all con- 
temporary theoretical physicists: "What does not satisfy 
me in that theory, from the standpoint of principle, is its 
attitude towards that which appears to me to be the pro- 
grammatic aim of all physics: the complete description 
of any (individual) real situation (as it supposedly exists 
irrespective of any act of observation or substantiation) ". 
Arguing against the positivism point of view of Heisen- 
berg, Bohr and other adherents of the Copenhagen inter- 
pretation Einstein persisted that "it must seem a mistake 
to permit theoretical description to be directly dependent 
upon acts of empirical assertions, as it seems to me to be 
intended [for example] in Bohr's principle of complemen- 
tarity" [63|. The superposition principle, in accordance 
with the positivism point of view of the Copenhagen in- 
terpretation, can describe only results of observation, but 
no a real process or situation. 



3.2. What do we observe? 

The words by Einstein about the soothing philosophy 
of Heisenberg-Bohr as a soft resting pillow turned out 
prophetic. Already some generations of physicists stud- 
ied quantum mechanics in its Copenhagen interpretation. 
But most of their did not understand that the subject of 
its description differs in essence from the one of other 
theories of physics. Richard Feynman wrote in 1967: "/ 
think it is s a,fe to say that no one understands quantum 
mechanics " [64| . Feynman was right in the sense that we 
do not know what could manifest the quantum phenom- 
ena so perfectly described by quantum mechanics. The 
quantum mechanics describes results of our observation. 
But it can not answer unambiguously on the question: 
"What do we observe?" Therefore quantum mechanics, 
in contrast to other theories of physics, has many inter- 
pretations [63, which propose different answers on this 
question or refuse to answer on it. The Copenhagen in- 
terpretation is based just on such refusal. There is impor- 
tant to understand that it is impossible to conclude about 
possibility of a real quantum computer in the limits of the 
Copenhagen interpretation because of this refusal. A real 
equipment can not be made on base of phenomena de- 
scription if these phenomena are not manifestation of an 
objective reality. In order to decide against or in favour 
of real quantum computer we must use an interpretation, 
which proposes an answer on the question: "What do we 
observe?" Unfortunately our decision should depend on 
our choice of interpretation. According to some interpre- 
tations, for example the many-worlds interpretation [66| 
and non-local hidden variables interpretation by David 
Bohm [67| . real quantum computer is possible whereas 
according to the other one, for example the statistical 
interpretation [6^[63|, it is not possible. 

The ideas of David Deutsch and Richard Feynman are 
considered [70| as the original sources of the numerous 
publications about quantum computer. It is important to 
note that the ideas of Deutsch and Feynman are different 
in their essence. Deutsch invented the idea of the quan- 
tum computer in the 1970s as a way to experimentally 
test the " Many Universes Theory" of quantum physics - 
the idea that when a particle changes, it changes into all 
possible forms, across multiple universes |71L This the- 
ory is one of the realistic interpretations [66[ of quantum 
mechanics which allows to interpreted most paradoxi- 
cal quantum phenomena without external observation, 
as manifestation of real processes. But this processes 
should occur across multiple universes [72] . According to 
Deutsch, "quantum superposition is, in Many Universes 
terms, when an object is doing different things in differ- 
ent universes" 71]. The Many Universes interpretation 
allows to understand why quantum computer may excel 
the classical one. It can do "a number of computations 
simultaneously in different universes" [7l[. But the idea 
of many Universes seems mad for most physicists. There- 
fore most authors follow to Richard Feynman and con- 
sider the idea of quantum computing in the limits of the 
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Copenhagen interpretation. 

But this idea can not be understood correctly in these 
Umits. Heisenberg warned against the incorrect interpre- 
tation of quantum mechanics: "A real difficulty in the 
understanding of the Copenhagen interpretation arises, 
however, when one asks the famous question: But what 
happens 'really' in an atomic event?" [49|. He empha- 
sized many times that "there is no way of describing 
what happens between two consecutive observations" and 
"that the concept of the probability function does not al- 
low a description of what happens between two observa- 
tions" [49|. But in spite of these warnings most modern 
authors are fuUy confident that the probabihty function 
(i.e. the Schroringer wave function or ^-function) can de- 
scribe the real process of quantum computation although 
it should be just between observations. 



3.3. Superposition versus realism. 

There is important to note that the basic principle of 
the idea of quantum computation was introduced in 1935 
by opponents of the Copen hag en interpretation. Both 
Einstein, Podolsky, Rosen [5l| and Schrodinger where 
sure that this principle, entanglement or Einstein - Podol- 
sky - Rosen correlation, can not be real because of its 
contradiction with locality principle. Therefore Einstein, 
Podolsky, Rosen stated that quantum- mechanical de- 
scription of physical reality can not be considered com- 
plete [5l| and Schrodinger introduc ed |73i| this principle 
as " entanglement of our knowledge" [7J . The EPR para- 
dox [51| has prove unambiguously that a description of 
physical reality with help of superposition principle can 
be considered complete only if non-local interaction is 
possible in this reality. In the Bohm's version [S^ of the 
EPR paradox the spin states of two particles are entan- 
gled 



* 



EPR 



= a\ t>A I 1>B +I3\ 1>A I t>J 



(9) 



because of the law of angular momentum conservation. 
Any measurement of spin projection must give opposite 
results independently of the distance between the par- 
ticles rA — rB because of this fundamental conservation 
law. The description of this correlation with help of su- 
perposition and its collapse 



* 



EPR 



= I t>A I i>l 



(10) 



implies that a measurement of the particle A can in- 
stantly change a state of the particle B. The correlation 
between results of measurements of spin projections of 
the particles A and B predicted with orthodox quantum 
mechanics must reveal a real non-locality if superposition 
(9) is interpreted as description of a reality. 

Many modern authors following to the book [23 inter- 
pret violation of the Bell's inequality [53] as an experi- 
mental disproof of the EPR statement on incompleteness 
of quantum description of physical reality. Using Bell's 



terminology I must say that this interpretation is a con- 
sequence of the sleepwalking, which in the present case 
results to no immensely impressive progress but to mass 
delusion. The results of the Bell's experiments fTq] give 
evidence rather of the physical reality absence than of the 
EPR blunder. There is important to understand that the 
EPR correlation is quite incompatible with local realism 
in its essence. It has revealed unambiguously intrinsic 
non- locality of superposition principle in description [5l| . 
The Bell's experiments [7y| give evidence of the EPR cor- 
relation in quantum phenomena and has revealed non- 
locality in observation. These two kind of non-locality 
were distinguished in 1986 [73] as non-locality of the first 
kind and non-locality of the second kind. The authors 
[78| claim already on observation of Bell's inequality vio- 
lation in a superconductor structure, i.e. on non-locality 
of the second kind in the macroscopic sphere. This un- 
founded claim on violation of macroscopic realism [79] is 
one more consequence of the sleepwalking equally with 
flux qubit. 

David Mermin quotes in the paper "Hidden variables 
and the two theorems of John Bell" [58| a celebrated poly- 
math who declared that most theoretical physicists do not 
distinguish between that what is not measurable and that 
what is unreal and nonexistent. This remark reveals the 
main cause of the incomprehension by most theoretical 
physicists of the philosophical importance of the Bell's 
works 56, 57] and of the philosophical aspect of the quan- 
tum computer problem. Mermin has divided as far back 
as 1985 [80] the physicists concerning their attitude to vi- 
olation of the Bell's inequalities into a majority who are 
"indifferent" and a minority who are "bothered". The 
flrst, for example the authors [T^j are sure that viola- 
tion of the Bell's inequalities proves only that Einstein 
was not right and we can continue to sleep on the soft 
resting pillow offered by Heisenberg and Bohr. Whereas 
the second, for example the authors [77[ , understand that 
it is experimental evidence of non-locality or absence of 
reality, i.e. violation of local realism in the observation. 

The minority bother about contradiction between the 
principle of superposition and realism. This contradic- 
tion is accentuated with the title "Is the moon there 
when nobody looks? Reality and the quantum theory" 
of the paper [80] . The question about moon, first raised 
by Einstein in 1950 [8lj, should emphasise that ortho- 
dox quantum mechanics using the superposition principle 
does not assume a real existence of a parameter before 
its measurement. Therefore the superposition principle 
can be acceptable only in the positivism approach ac- 
cording to which physical theory should describe no real 
processes but only results of observation. Just this re- 
fusal to consider any real situation does not satisfy Ein- 
stein in the orthodox quantum mechanics. Einstein per- 
sisted that the quantum mechanics describing only phe- 
nomena but no objective reality can not be considered 
complete theory. Bell shared this dissatisfaction by Ein- 
stein. He accentuated that quantum mechanics refusing 
to describe parameters of quantum system can describe 



only parameters of measuring apparatus. He connected 
the fundamental obscurity in quantum mechanics with 
the problem: "how exactly is the world to be divided into 
speakable apparatus. . .that we can talk about. . .and 
unspeakable quantum system that we can not talk about?" 
Bell as well as Heisenberg, Einstein and other creators of 
quantum theory understood that orthodox quantum the- 
ory can not describe quantum reality. Nevertheless most 
modern authors are fully confident that it can describe a 
process of quantum computation. 

The paper "Quantum mechanics versus macroscopic 
realism: Is the flux there when nobody looks?" [79j wit- 
nesses that Anthony Leggett, who assumed first a super- 
position of two macroscopically distinct quantum states 
of a superconducting loop 9], understands the contra- 
diction between superposition and realism. According to 
the title and the essence of the paper [T^ the supercon- 
ducting loop can be used as flux qubit if only the flux 
A$/p = Lip does not exist when nobody looks, i.e. if no 
realistic description is possible for some quantum phe- 
nomena observed at measurements of this loop. Such 
impossibility of realistic description is revealed with help 
of so called no-go theorem or no-hidden-variables theorem 
[58{ . The authors [73] propose a no-go theorem which, 
as they state, similar to the famous one by John Bell 
[57| . But, as L. E. Ballentine notes [83|, the analogy 
between the Bell-type inequalities and the Leggett-Garg 
inequalities can be misleading. A key role is plwed in the 
Bell's no-go theorem by the locality postulate [53], which 
can not be applicable to the single localised system, i.e. 
single superconducting loop, considered by Leggett and 
Garg [70]. The locality requirement is a decisive fac- 
tor of the no-go theorems. John Bell pointed out the 
hidden variable interpretation of David Bohm [67| as ex- 
ample of a non-local theory reproducing all observation 
prediction given by quantum formalism. He has shown 
[56| that von Neumann's no-go proof 50], which does not 
used the locality requirement, was based on an unreason- 
able assumption [5g| . Bell has constructed [S^ a hidden- 
variables model for a single spin 1/2 that reproduces all 
predictions of measurement results given by the ortho- 
dox quantum theory [53| in spite of paradoxical result 
of the Stern-Gerlach experiment. This Bell's disproof of 
the von Neumann no-go theorem means that no experi- 
mental results, even the paradoxical Stern-Gerlach one, 
obtained on a single two-state system can contradict to 
realism and give evidence of state superposition. There- 
fore it is a consequence of sleepwalking that many au- 
thors venture to interpret experimental results obtained 
on flux qubit, two-states system with one-dimensional 
angular momentum, as an evidence of superposition of 
macroscopic states. 



Conclusion 

The obvious contradiction with the fundamental law 
of angular momentum conservation and with the univer- 



sally recognised quantum formalism must unambiguously 
manifest that the numerous publications about flux qubit 
are a consequence of a funny mistake. This mistake has 
become possible because of the neglect by many mod- 
ern authors of the "philosophical" question on the object 
of quantum-mechanical description. In contrast to most 
modern physicists the creators of quantum theory well 
realised the importance of epistemological problems and 
devoted considerable energy to their solution. They pro- 
posed different solutions, but, what is important, both 
Einstein and Bohr with Heisenberg understood epistemo- 
logical problems of quantum mechanics. The story of flux 
qubit manifests that these problems have not only philo- 
sophical but also practical importance. It may be impor- 
tant for a solution of the practical problem of quantum 
computer creation to remind the Einstein opinion about 
the relationship of epistemology and science: "The recip- 
rocal relationship of epistemology and science is of note- 
worthy kind. They are dependent upon each other. Epis- 
temology without contact with science becomes an empty 
scheme. Science without epistemology is - insofar as it 
is thinkable at all - primitive and muddled. However, no 
sooner has the epistemologist, who is seeking a clear sys- 
tem, fought his way through to such a system, than he 
is inclined to interpret the thought- content of science in 
the sense of his system and to reject whatever does not fit 
into his system. The scientist, however, cannot afford to 
carry his striving for epistemological systematic that far. 
He accepts gratefully the epistemological conceptual anal- 
ysis; but the external conditions, which are set for him by 
the facts of experience, do not permit him to let himself 
be too much restricted in the construction of his concep- 
tual world by the adherence to an epistemological system. 
He therefore must appear to the systematic epistemologist 
as a type of unscrupulous opportunist: he appears as re- 
alist insofar as he seeks to describe a world independent 
of the acts of perception; as idealist insofar as he looks 
upon the concepts and theories as the free inventions of 
the human spirit (not logically derivable from what is em- 
pirically given); as positivist insofar as he considers his 
concepts and theories justified only to the extent to which 
they furnish a logical representation of relations among 
sensory experiences. He may even appear as Platonist 
or Pythagorean insofar as he considers the viewpoint of 
logical simplicity as an indispensable and effective tool of 
his research" 1631. 
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